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WKHUPRSODVWLFLW\ DQG PHOWWKURXJK 7KH IDLOXUH ORFDWLRQ PD\ EH ORFDO RU JOREDO $W ORZ SUHVVXUH EXW KLJK
WHPSHUDWXUHFUHHSGDPDJHDFFXPXODWHVRYHUDZLGHDUHDUHVXOWLQJLQSUREDEOHJOREDOIDLOXUHZKLOHDWKLJKSUHVVXUH
EXWORZWHPSHUDWXUHSODVWLFGHIRUPDWLRQSOD\VDQLPSRUWDQWUROHLQIDLOXUHSURFHVVOHDGLQJWRDSRVVLELOLW\RIORFDO
IDLOXUH 5HJDUGLQJ WRPHOWWKURXJK SKHQRPHQRQ LW LV FORVHO\ UHODWHG WR KHDW IOX[ FKDUDFWHULVWLFV DPRQJ WKH539
VXUIDFH,QIDFWORFDOPHOWLQJFDQWDNHSODFHEHIRUHIDLOXUHLIWKHUHLVDKLJKO\FRQFHQWUDWHGKHDWIOX[>@$OWKRXJK
IDLOXUHWLPHDQGVLWHZHUHIRXQGLQJRRGDJUHHPHQWZLWKWHVWUHVXOWVODUJHGLVFUHSDQFLHVZHUHREVHUYHGRQWKHPRGH
RI IDLOXUH FUHHS RU SODVWLFLW\>@ 7KH FUHHS GHIRUPDWLRQ LV D YLVFRSODVWLF SURFHVV ZLWK WLPHGHSHQGHQW
FKDUDFWHULVWLFV ZKLOH WKH SODVWLFLW\ LV D SURPSW VWUDLQ DFFXPXODWLRQ ZLWKRXW WLPH GHSHQGHQF\ $QDO\VLV RI /+)
VKRZHGWKDWWKHFUHHSDQGSODVWLFLW\DFFRPSDQLHGZLWKHDFKRWKHUWKURXJKWKHZKROH,95SURFHVVDQGSODVWLFVWUDLQ
ZDVQHJOLJLEOHEHIRUHWHUWLDU\FUHHSRFFXUUHQFH7KHH[LVWLQJOLWHUDWXUHV>@UHYHDOHGWKDWWKHPXOWLD[LDOVWDWHRI
VWUHVVVLJQLILFDQWO\DFFHOHUDWHG WKHGDPDJHHYROXWLRQDVZHOODV WKH LQWHUDFWLRQEHWZHHQFUHHSDQGSODVWLFLW\XQGHU
WKH ,95OLNH FRQGLWLRQ HVSHFLDOO\ DW WHUWLDU\ FUHHS VWDJH GXH WR WKH RFFXUUHQFH RI QHFNLQJ DQG ZDOO WKLFNQHVV
UHGXFLQJ>@$VIRUILUVWUXSWXUHHVWLPDWLRQVVRPHRQHSRLQWHGRXWWKDWRQHRIPRVWLPSRUWDQWPHFKDQLFDOSDUDPHWHU
ZDV WKH FUHHS UXSWXUH VWUDLQ>@ 'HVSLWH RI WKH IDFW WKDW WKH H[SHULPHQWDO LQYHVWLJDWLRQ LV YHU\ LPSRUWDQW IRU
FKDUDFWHUL]LQJWKHIDLOXUHRIWKH539WKHHIIHFWRIWHPSHUDWXUHDQGVWUDLQILHOGVRQ539GDPDJHLVUDWKHUVLJQLILFDQW
FRQFHUQLQJ WKH PHFKDQLFDO PDWHULDO EHKDYLRU DQG UHVXOWLQJ VDIHW\ LVVXH> @ 7KH KLJK WHPSHUDWXUHV DERYH
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WKH ,95 WHFKQRORJ\ ZDV QRW VXLWDEO\ DVVHVVHG EHIRUH WKH )XNXVKLPD DFFLGHQW WKH IDLOXUH HVWLPDWLRQ PD\ EH
XQUHDVRQDEOHE\SUHYLRXVPHWKRGRORJ\ZLWKWKHSUDFWLFDOWKHUPDOPHFKDQLFDOORDGLQJ,QRYHUFRPLQJWKLVGLIILFXOW\
D ' )(PRGHO RI WKH 539ZDV GHYHORSHG RQ $%$486 SODWIRUPZLWK QHZO\LPSOHPHQWHG FUHHS DQG GDPDJH
VXESURJUDP IRU WKH 539 PDWHULDO ,Q RUGHU WR DFKLHYH WKH SUHGLFWLRQ DFFXUDF\ D QRQOLQHDU LQWHUSRODWLRQ
PHWKRGRORJ\ZDVHPSOR\HGLQWKH)(FDOFXODWLRQIRUYDULRXVWHPSHUDWXUHDQGVWUHVVOHYHOV%\WDNLQJDSUDFWLFDOWHVW
ORDGLQJ DV D EDVLV WKH FUHHS SODVWLFLW\ DQG PHOWWKURXJK RI WKH 539 ZHUH DQDO\]HG LQ GHWDLO WKH WUDQVLHQW
WHPSHUDWXUH DQG VWUDLQ ILHOGV ZHUH REWDLQHG EHIRUH WKH VWUXFWXUDO VWUHQJWK DQDO\VLV )LQDOO\ WKH HIIHFW RI WKH
PXOWLD[LDO VWUHVV RQ 539 GDPDJH ZDV LQYHVWLJDWHG LQ GHSWK WKH GDPDJH FDXVHG E\ FUHHS DQG SODVWLFLW\ ZHUH
GLVFXVVHGVSDWLDOO\DQGWHPSRUDOO\IRUWKH539
0DWKHPDWLFDOPRGHOLQJ
2.1. Creep and damage modeling 
'XH WR WKH FRPSOH[ KHDW H[FKDQJH EHWZHHQ WKHPHOWLQJ SRRO DQG WKH YHVVHOZDOO WKH WHPSHUDWXUH DQG VWUHVV
FKDQJHVYHU\VLJQLILFDQWO\LQERWKVSDWLDODQGWUDQVLHQWZD\V>@)XUWKHUPRUHWKHKLJKWHPSHUDWXUHJUDGLHQWLQGXFHV
JUHDWGHIRUPDWLRQ&UHHSPHFKDQLVPSOD\VDGHFLVLYHUROHLQWKHIDLOXUHSURFHVVRIWKH539XQGHUWKH,95FRQGLWLRQ







dd dd  H[SHVH   
,Q )( FDOFXODWLRQ WKH QRQOLQHDULW\ FKDUDFWHULVWLF FDQ




539 LV FDXVHG E\ WKH VLJQLILFDQW FUHHS DQG SODVWLF VWUDLQ VR FDOOHG 
GXFWLOLW\ FULWHULRQ
 LVZLGHO\ XVHG LQ MXGJLQJ
ZKHWKHUWKH539LVIDLOXUHRUQRWXQGHUWKH,95FRQGLWLRQ$FFRUGLQJO\WKHGDPDJHLQFUHPHQWǻ'FDQEHPRGHOHG
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E\(T ZKLFK LV LQFUHPHQWDOO\DFFXPXODWHGDW WKHHQGRI D WLPH VWHSRU VXEVWHSǻ' PHDQV QRGDPDJH¶
RFFXUUHGLQWKH539DWDVXEVWHS






























EHKDYLRU>@0RUH LPSRUWDQWO\ 59 LV WKH WULD[LDOLW\ IDFWRU FRQVLGHULQJ WKH GDPDJH EHKDYLRU LQ GHSHQGHQFH RQ
PXOWLD[LDOVWDWHRIVWUHVV



























HOHPHQW ,I WKH GDPDJH SDUDPHWHU ' UHDFKHV WKH YDOXH RI '  WKH HOHPHQW RI WKH PDWHULDO LV VHWWHG LQDFWLYH
SURSHUWLHVE\XVLQJHOHPHQWGHDWKWHFKQLTXH7KHGHDWKHOHPHQWGRHVQRORQJHUFRQWULEXWHWRWKHVWLIIQHVV
2.2. Non-linear interpolation 
7KHFRHIILFLHQWVDUHXVHGWRDGDSWWKHFUHHSFRQVWLWXWLYHHTXDWLRQDWFRQVWDQWORDGDQGWHPSHUDWXUH+RZHYHUWR
DFKLHYHDJRRGILWWLQJZLWKYHU\OLPLWHGVHWRIFRHIILFLHQWVLVYHU\GLIILFXOW,IFRPSXWLQJVWHSWLPHLVQRWVXIILFLHQWO\
VPDOO WKH OLQHDU LQWHUSRODWLRQ PD\ RYHUHVWLPDWH WKH FUHHS VWUDLQ LQFUHPHQW ,Q JHQHUDO WKH FUHHS FRQVWLWXWLYH
HTXDWLRQODUJHO\GHSHQGVRQWKHVWUHVVVWUDLQDQGWHPSHUDWXUH,QRYHUFRPLQJWKHRYHUSURSRUWLRQDOGHSHQGHQFHRQ
WKHVH YDULDEOHV WKH QRQOLQHDU FDOFXODWLRQ VFKHPH LV GHVLUDEOH DQG XVHIXO IRU ZHLJKWLQJ FRHIILFLHQWV ILWWLQJ DQG
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:KHUHLQWKHH[SRQHQWUFDQEHREWDLQHGZLWKWZRSRLQWV
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ZKHUHWKHSDUDPHWHUTFDQEHIRUPXODWHGE\













2.3. Description of FE modeling 

)LJ)(PRGHORIWKH539ZLWKDSSOLHGERXQGDU\FRQGLWLRQV
7KH PRGHO DSSOLHG WR )( FDOFXODWLRQ UHSUHVHQWV WKH ORZHU KHDG 539 LQ WKH JHRPHWULFDO VFDOH RI  7KH
JHRPHWU\ RI 539 LV VKRZQ LQ )LJ  ,W FRQVLVWV RI D KHPLVSKHULFDO KHDG DQG YHUWLFDO F\OLQGULFDO VHFWLRQ 7KH
F\OLQGULFDO VHFWLRQ LV P KLJK ZLWK D ZDOO WKLFNQHVV RI P 7KH LQQHU UDGLXV RI KHPLVSKHULFDO VHFWLRQ LV
P DQG WKHZDOO WKLFNQHVV P )RUPHFKDQLFDO FDOFXODWLRQ WKH ' D[LV\PPHWULFPRGHOZLWK DSSURSULDWH
ERXQGDU\FRQGLWLRQVDQGPDWHULDOSURSHUWLHVLVHVWDEOLVKHG7KHQXPEHURIHOHPHQWVRYHUWKHZDOOWKLFNQHVVZDVVHW
WR  WKH W\SH RI ZKLFK LV &$;7 XVHG IRU PHVKLQJ $FWXDOO\ D VXIILFLHQW QXPEHU RI HOHPHQWV RYHU WKH ZDOO
WKLFNQHVV LVQHFHVVDU\WRPRGHO WKHERG\ORDGRIKHDWIOX[ZKLFKLVFKDQJLQJDORQJDQGSHUSHQGLFXODU WR WKHZDOO
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IURPFRUUHVSRQGLQJWKHUPDOVROXWLRQ7KHFRPSDULVRQEHWZHHQHPSLULFDOFRUUHFWLRQDQGWHVWGDWDLQ)LJVKRZVWKH
JUHDWDJUHHPHQWLVDFKLHYHGIRUKHDWIOX[DORQJWKHODWLWXGHș)LJVKRZVWKHKHDWIOX[LVXQHYHQO\GLVWULEXWHGDQG
LW LQFUHDVHVZLWK WKHș1RWH WKDW WKHUH LV D ODUJH FRQFHQWUDWHG KHDW IOX[ EHWZHHQș  DQGș  VR WKH ORFDO
PHOWLQJPD\SRVVLEO\RFFXUEHIRUHIDLOXUH$VZHOONQRZQWKHUDGLDWLRQKHDWWUDQVIHUDQGFRQYHFWLRQDWIUHHVXUIDFHV
DUHWKHPHFKDQLVPVIRUUHOHDVHRIWKHFRUHPHOWGRZQKHDW'XHWRWKHKLJKWHPSHUDWXUHVLQWKH539WKHKHDWWUDQVIHU








3.1.  verification calculation 
$VPHQWLRQHGEHIRUHWKHLQWHUQDOVXUIDFHRI539LVH[SRVHGWRWKHPHOWLQJSRROZLWKYHU\KLJKWHPSHUDWXUHVR
VRPHUHJLRQVVXIIHUPHOWGRZQDQG WKH WKLFNQHVVFKDQJHVZLWK WKH WLPHDQGVSDFH7KXV WKHUHPQDQW WKLFNQHVV LV
SUHVHQWHGDWWKHIDLOXUHWLPHLQ)LJUHSUHVHQWLQJWKHZDOOWKLFNQHVVRIWKHORZHUKHDGDORQJWKHșD]LPXWKDW
LQWHUYDOV RI ODWLWXGH $V VKRZQ LQ )LJ  WKH WKLFNQHVV SURILOH LV QRW FRQVWDQW IRU ERWK SUH DQG SRVWWHVW 539









ZKLFK LQGLFDWLQJ WKDW IDLOXUH WDNHV SODFH DW WKLV WLPH DV REVHUYHG LQ WKH WHVW +RZHYHU WKH GLVSODFHPHQW E\
VLPXODWLRQLQFUHDVHVPXFKIDVWHUWKDQWKDWE\WHVWDIWHUPLQPDLQO\GXHWRWKHGLIIHUHQFHLQWKHWHUWLDU\FUHHS
UHJLRQ




















7KHUH LV VWLOO DPD[LPXPGLIIHUHQFH RI ć EHWZHHQ WKH LQVLGH DQG RXWVLGHZKHQ WKH539 LV DSSURDFKLQJ WKH
IDLOXUH
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
)LJ&RPSDULVRQRIWKHWHPSHUDWXUHSURILOHVRQH[WHUQDOZDOOEHWZHHQ)(0DQGWHVW




ZKDW PDWHULDO WKH 539 LV PDGH RI WKH HODVWLF SODVWLF DQG YLVFRSODVWLF PDWHULDO SURSHUWLHV DUH DOO WHPSHUDWXUH
GHSHQGHQW)RULQVWDQFHWKHWHPSHUDWXUHJUDGLHQWOHDGVWRKLQGHUHGWKHUPDOH[SDQVLRQDQGWKHUHE\LQGXFHVWKHUPDO
VWUHVVHV LQ WKH 539 ZDOO $V IRU PHPEUDQH VWUHVV SOXV VHFRQGDU\ VWUHVV WKH 0LVHV VWUHVV LV DGRSWHG LQ WKH
FRPSDULVRQZLWKWKH\LHOGVWUHVVRIWKHPDWHULDOZKLFKLVVKRZQLQ)LJ)LJDQG)LJ$VZHOONQRZQWKH
SODVWLFLW\ LV DSURPSWSURFHVVRFFXUULQJRQO\DERYHD VWUHVV WKUHVKROG HJ\LHOG VWUHQJWK)XUWKHUPRUH LW FDQEH




LV ORFDWHG LQ WKH WUDQVLWLRQ OLQHRIKHPLVSKHULFDO VHFWLRQ WR F\OLQGULFDO VHFWLRQĸ3DWK LV DWPD[LPXPVWUHVVĹ
3DWK LV WKURXJK WKH WKLQQHVWZDOO WKLFNQHVV)LJ)LJDQG)LJDUHFRUUHVSRQGLQJ WR WKH3DWK3DWKDQG
3DWKUHVSHFWLYHO\*HQHUDOREVHUYDWLRQRI)LJ WR)LJUHYHDOV WKDW WKH0LVHVVWUHVV LVPXFK ODUJHU WKDQ WKH
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\LHOGVWUHVVDW WKHRXWHUZDOORI WKH539ZKLFK LQGLFDWHV WKDW WKHSODVWLFGHIRUPDWLRQ ILUVWRFFXUVDW WKHH[WHUQDO
,QWHUHVWLQJO\ LW LV IRXQG WKDW WKH 0LVHV VWUHVV ZLWK 3LQWHUQDO 03D LV ODUJHU WKDQ WKDW ZLWK 3LQWHUQDO 03D DW WKH
WUDQVLWLRQOLQHRIWKH539IRUPRVWZDOOWKLFNQHVVWKHEHKDYLRURIZKLFKLVRSSRVLWHWRWKRVHDW3DWKDQG3DWK
:LWKLQWHUQDOSUHVVXUHLQFUHDVLQJXSWR03DWKHUHJLRQVXIIHUHGSODVWLFGHIRUPDWLRQHQODUJHVYHU\VLJQLILFDQWO\GXH
WR LWV ODUJHU0LVHV VWUHVV HVSHFLDOO\ IRU 3DWK DQG 3DWK $V SUHGLFWHG LQ )LJ  WKHPRVW GDQJHURXV VLWXDWLRQ
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'XH WR WKH LQWHUQDO SUHVVXUH DQGPHOWLQJ SRRO WHPSHUDWXUH LQVLGH WKH JUHDW WHPSHUDWXUH JUDGLHQW FDXVHV KXJH
WKHUPDOVWUHVV WKURXJKWKHZDOO WKLFNQHVVDQGWKHFRPSUHVVLYHVWUHVVHVGLVWULEXWHDPRQJWKHLQVLGHZDOOZKLOH WKH
WHQVLOHVWUHVVHVWDNHSODFHLQWKHVXUIDFHOD\HURIWKHRXWHUZDOO$FFRUGLQJO\LWFDQEHMXGJHGIURP)LJDWKDW
WKHH[WHUQDORIWKH539LVPRUHYXOQHUDEOHWRGDPDJHH[FHSWIRUWKHPDWHULDOPHOWLQJLQVLGH$VVKRZQLQ)LJD
WKH PD[LPXP YDOXH RI WKHUPDO VWUHVV UHDFKHV 03D DW WKH RXWVLGH RI 3DWK 7R GHPRQVWUDWH WKH 539
GHIRUPDWLRQDWWKHORFDWLRQRIWKHPD[LPXPVWUHVV)LJEDQGFVKRZFRQWRXUSORWVRIWKHGLVSODFHPHQWDQG
SODVWLFVWUDLQILHOGVDW WKHIDLOXUH WLPH7KHHIIHFWRI WKHPRYLQJYHVVHODQGPHOWLQJORFDWLRQEHFRPHVDGGLWLRQDOO\
REYLRXVE\ WKH VFDOHGSORWVZKHUH WKHYHVVHO LVPRYHG ULJKW WRDRSSRVLWH&VKDSHGSURILOH&RUUHVSRQGLQJO\ WKH
PD[LPXPGLVSODFHPHQWRFFXUV DW WKH3DWKZLWKPD[LPXPVWUHVV WKHYDOXHRIZKLFK LV UHDFKHGDWU PP













PXFK ORZHU WKDQ WKDW LQ )LJ D&RQWUDU\ WR WKH SODVWLFLW\ WKH FUHHS DOVR FDOOHG DV YLVFRSODVWLFLW\ LV D WLPH
GHSHQGHQW SURFHVV DQG LW FRPHV LQWRZRUN DW HOHYDWHG WHPSHUDWXUH HVSHFLDOO\ IRU WKH WHPSHUDWXUH DERYH ć
KRZHYHU RFFXUULQJ DW YHU\ ORZ VWUHVV7KH LQYHVVHO UHWHQWLRQ FRQGLWLRQ LV DFFLGHQW VLWXDWLRQZKLFK FDQ UHVXOW LQ
UHPDUNDEOHFUHHSGHIRUPDWLRQDVVKRZQLQ)LJE8QOLNHDFUHHSWHVWRQWKHWHQVLRQEDUE\NHHSLQJWKHDSSOLHG
VWUHVVFRQVWDQWWKHHTXLYDOHQWVWUHVVLVQRWFRQVWDQWGXULQJWKH539FUHHSEHFDXVHRIWKHVLJQLILFDQWUHGXFWLRQRIWKH








W LJQRUH WKHJHRPHWULFDO VRIWHQLQJE\ LQFUHDVHRI WKHSULPDU\VWUHVVGXH WR WKHFRXSOLQJRIFUHHSDQG
SODVWLF RQJRLQJ GHIRUPDWLRQ VLPXOWDQHRXVO\ 7KHUHIRUH WKH DVVXPSWLRQ WKDW WKH FUHHS VWUDLQ LV GRPLQDQW LV QRW
DSSURSULDWHZKHQWKHZDOOWKLFNQHVVUHGXFWLRQLQGXFHVUHPDUNDEOHHQODUJHPHQW$FFRUGLQJO\WKHIDLOXUHHVWLPDWLRQ
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MXGJHGRQO\E\FUHHSVWUDLQLVQRQFRQVHUYDWLYH%HVLGHV LW LVFOHDU LQ)LJ WKDW WKHHQODUJHPHQWRI WKH539LV
LQFUHDVLQJZLWK WKH LQFUHDVH RI WKH LQWHUQDO SUHVVXUH ,W VKRXOG EH QRWHG IURP)LJ  WKDW WKHZDOO WKLQQLQJ DQG









FRQWUROOHG&RQVHTXHQWO\ WKH WUXHVWUHVV LVQRWFRQVWDQWDQGQRWHDV\ WRPHDVXUHGXULQJ WKH WHVW$FFRUGLQJO\ WKH
VWUDLQ DQG GDPDJH FULWHULRQV DUHZLGHO\ XVHG LQ WKH IDLOXUH DVVHVVPHQW RI WKH539XQGHU WKH ,95 FRQGLWLRQ$V





DFFRXQW ,Q UHDOLW\ WKH 539 IDLOXUH EHKDYHV LQ D PXOWLD[LDO PDQQHU HVSHFLDOO\ GXULQJ WKH QHFNLQJ SURFHVV ,Q
LOOXVWUDWLQJWKHPXOWLD[LDOVWDWHRIVWUHVVWKURXJKWKHFUHHSWLPH)LJGHPRQVWUDWHVWKHFKDQJHVRIWKHRvIRUERWK
ODUJHDQGVPDOOGHIRUPDWLRQQRGHV$VGLVSOD\HGLQ)LJWKHFRPSDULVRQVKRZVWKDWRvRIWKHODUJHGHIRUPDWLRQ
QRGH LQFUHDVHV FRQWLQXRXVO\ ZKLOH IRU WKH VPDOO GHIRUPDWLRQ QRGH WKH VDPH LQFUHDVHV ILUVW DQG WKHQ WHQGV WR
GHFUHDVH,QDGGLWLRQRvRIWKHODUJHRQHLVDOZD\VPXFKKLJKHUWKDQWKDWRIWKHVPDOORQH7KHGLVFUHSDQF\EHWZHHQ
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WKH WZR EHFRPHVPXFK KLJKHUZLWK LQFUHDVLQJ FUHHS WLPH 7KH GDPDJH FRQWULEXWLRQ E\ WKHRv LV QRW QHJOLJLEOH
EHFDXVH WKH VWUHVVHV GLVWULEXWHG DPRQJ WKH F\OLQGHU WR VSKHUH WUDQVLWLRQ DUH FRPSOH[ DQG WKHQ WKHZDOO WKLQQLQJ
VHYHUHO\UHVXOWVLQPXOWLD[LDOVWDWHRIVWUHVV)LJLQGLUHFWO\VKRZVWKHPXOWLD[LDOIDFWRURvDFFHOHUDWHVWKHGDPDJH
HYROXWLRQE\ FRQVLGHUDWLRQ RIPXOWLD[LDO LQGLFDWRUıHıeq7KH FXUYH RIıHıeq  LV FRUUHVSRQGLQJ WR WKHRv 
VXJJHVWLQJWKHXQLD[LDOVWDWHRIVWUHVVZKLOHLQFUHDVLQJıHıeqLQGXFHVWKHLQFUHDVHRIWKHFUHHSGDPDJH$FFRUGLQJ
WRWKHFRPSDULVRQEHWZHHQVWUDLQDQGGDPDJHFULWHULRQVLWFDQEHLQIHUUHGWKDWWKHVWUDLQFULWHULRQPD\XQGHUHVWLPDWH
















IRFXV VLWH VR LW FDQ EH ORJLFDOO\ LQIHUUHG WKDW WKH GDPDJH LV PXFKPRUH VHQVLWLYH WR KLJK WHPSHUDWXUH WKDQ WKH





LQYHVWLJDWLRQRI WRWDOGDPDJHLV OLVWHGLQ7DEOHIRUKRWIRFXVVLWHDW t V LQFOXGLQJSODVWLFDQGFUHHSGDPDJH
$FFRUGLQJ WR (T  OLQHDU DFFXPXODWLRQ PHWKRG /$0 LV DGRSWHG LQ ERWK VWUDLQ DQG GDPDJH FULWHULRQ 7KH






'DPDJHDFFXPXODWLRQ 3ODVWLFGDPDJH &UHHSGDPDJH 7RWDOGDPDJH
6WUDLQFULWHULRQ   
'DPDJHFULWHULRQ   
&RQFOXVLRQV





ZHOOYDOLGDWHGE\ VRPH WHVWGDWD IURPSXEOLVKHG OLWHUDWXUHV7KHQXPHULFDO DSSURDFKHVSUHVHQWHG LQFXUUHQW VWXG\








LQFUHDVLQJO\ LPSRUWDQW DWKLJKHUSUHVVXUHSRVVLEO\ LQGXFLQJ ORFDO IDLOXUH WRD ODUJHH[WHQW0HOWWKURXJKFDQ WDNH
SODFHDWYHU\ORZSUHVVXUHLIDODUJHKHDWIOX[LVFRQFHQWUDWHGRQDVPDOODUHD
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7KH IDLOXUHSRVLWLRQ LV LQ WKH]RQHRI WKH WKLQQHVWZDOO WKLFNQHVVFORVH WR WKHKLJKHVW WHPSHUDWXUH UHJLRQ LQ
ZKLFK WKHUH LV VRPH PHOWWKURXJK SKHQRPHQRQ REVHUYHG )XUWKHUPRUH WKH PRVW HQGDQJHUHG ]RQH H[KLELWV WKH
KLJKHVWFUHHSUDWHV,WLVORFDWHGDWWKHKRWIRFXVVLWHFRUUHVSRQGLQJWRWKHFRQFHQWUDWHGKHDWIOX[UHJLRQ









7KLV ZRUN VXSSRUWHG E\ =KHMLDQJ 3URYLQFLDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD XQGHU *UDQW 1R




>@ ' -DFTXHV 6& &ODXGH 3 &KULVWLDQ &($ SURJUDPPH WR PRGHO WKH IDLOXUH RI WKH ORZHU KHDG LQ VHYHUH DFFLGHQWV 1XFO (QJ
'HV
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